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P o s t  O f f  I c e  Box 18000 
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ABSTRACT 
A 9 5 0  MHz s u b m l n l a t u r e  t e m p e r a t u r e  
compensated  SAW r e s o n a t o r  osc  I I I a t o r  
(TCSO) and a SAW r e s o n a t o r  f l l t e r  a r e  
d e v e l o p e d  I n  h y b r l d  f o r m  f o r  a p p l l c a t l o n  
a s  l o c a l  o s c l  I l a t o r  and bandpass  f I I t e r  
f o r  a commun lca t l on  system. The 
o s c l  I l a t o r  package vo lume Is a p p r o x l m a t e l y  
0.02 c u b l c  i n c h e s  and t h e  f l l t e r  package 
Is a p p r o x l m a t e i y  0.01 c u b l c  I n c h e s .  The 
e x t r e m e l y  t l g h t  p a c k a g i n g  r e q u i r e m e n t s  a r e  
met by u t l l l z l n g  c h i p  r e s i s t o r s  and 
c a p a c i t o r s ,  p r l n t e d  s p l r a l  I n d u c t o r s ,  and 
c h i p  t r a n s i s t o r s  and d l o d e s .  
The SAW o s c l l  l a t o r  c o n s i s t s  o f  a 
t e m p e r a t u r e  s e n s i n g  ne twork ,  a v a r a c t o r  
d l o d e  t u n i n g  c l r c u l t ,  and a s l n g l e  p o r t  
SAW r e s o n a t o r  osc  1 I I a t o r .  The SAW 
r e s o n a t o r  bandpass f l l t e r  c o n s l s t s  o f  a 
f o u r - e l e m e n t  i n p u t  m a t c h l n g  ne twork ,  a 
t w o - p o r t  t w o - p o l e  SAW r e s o n a t o r ,  and f o u r -  
e l e m e n t  o u t p u t  m a t c h l n g  n e t w o r k  I n  h y b r l d  
fo rm.  
T h l s  paper  d e s c r i b e s  t h e  d e s i g n ,  
f a b r l c a t l o n  and p e r f o r m a n c e  o f  a SAW 
r e s o n a t o r  c o n t r o l  l e d  o s c l  I l a t o r  and a SAW 
r e s o n a t o r  f l l t e r .  These c i r c u i t s  u t l l l z e  
h y b r l d  t e c h n l q u e s  t o  a c h i e v e  e x t r e m e l y  
s m a l l  s i z e .  Tempera tu re  compensa t lon  I s  
1 nc I uded i n t h e  osc  I I I a t o r  t u n  I ng n e t w o r k  
I n  o r d e r  t o  m i n i m i z e  f r e q u e n c y  s h i f t s .  
The o s c i l l a t o r  p e r f o r m a n c e  g o a l s  a r e  low 
phase n o i s e  ( - 5 0  dBc/Hz a t  10 H z ) ,  
modera te  RF o u t p u t  power (0 dBm), m l n l m a l  
D C  power d r a i n ,  and good f r e q u e n c y  
s t a b l l i t y  o v e r  t h e  o p e r a t l n g  t e m p e r a t u r e  
r a n g e  o f  OOC t o  + 5 O o C .  The goa l  f o r  s e t -  
on f r e q u e n c y  a c c u r a c y  and f r e q u e n c y  d r i f t  
due t o  t e m p e r a t u r e  I s  2 1 5  ppm. 
The r e s o n a t o r  f l l t e r  was d e s l g n e d  and 
mode led  u s l n g  a t r a n s m l s s l o n  m a t r i x  
approach.  Low i n s e r t i o n  loss ( 5  d B )  and 
mlnlmum r i p p l e  I n  t h e  pass  band were 
a c h i e v e d  by  I n c l u d l n g  a m a t c h l n g  n e t w o r k  
I n s i d e  t h e  m i n i a t u r e  package and u s l n g  an 
o v e r l a p  a p o d l z a t l o n  scheme on t h e  
t r a n s d u c e r s .  
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A s i n g l e - p o r t  SAW r e s o n a t o r  was used I n  a 
P l e r c e - t y p e  h y b r i d  o s c l l l a t o r  c l r c u i t  
u t l l l z i n g  c h i p  t r a n s i s t o r s ,  d lodes ,  
r e s l s t o r s  and c a p a c l t o r s ,  and a p r l n t e d  
s p l r a l  I n d u c t o r .  The c l r c u r t  d l a g r a m  o f  
t h e  v o l t a g e  t u n e d  o s c i l l a t o r  Is shown In 
F l g u r e  1 .The P i e r c e  osc  I I I a t o r  
c o n f l g u r a t l o n  has been shown t o  r e q u l r e  
fewer  t u n l n g  e l e m e n t s  and p r o v i d e  b e t t e r  
s t a b i  I i t y  t h a n  o t h e r  c o n f  1 g u r a t i o n s . l  The 
t r a n s l s t o r  chosen was a b i p o l a r  d e v l c e  
(HXTR 2001)  w l t h  18  dB g a i n  and 2 dB n o l s e  
f l g u r e  a t  1 0 0 0  MHz. A b l p o l a r  t r a n s l s t o r  
t y p l c a l l y  e x h i b i t s  1 0  t o  15  dB l o w e r  phase 
n o f s e  t h a n  a comparab le  f l e l d - e f f e c t  
t r a n s l s t o r  when used I n  an o s c l l l a t o r  o f  
t h l s  t y p e . 2  A r e s o n a t o r  was chosen o v e r  a 
d e l a y  I I n e  as  t h e  f r e q u e n c y  c o n t r o l l l n g  
feedback  e l e m e n t  because o f  t h e  low phase 
n o i s e  r e q u i r e m e n t .  The s i n g l e - p o r t  SAW 
r e s o n a t o r  s w i n g s  I n d u c t i v e  a t  t h e  r e s o n a n t  
f r e q u e n c y  and i s  s e r l e s  r e s o n a n t  w l t h  t h e  
base c a p a c i t o r ,  cb. A v a r a c t o r  d l o d e  was 
i n c l u d e d  i n  s e r l e s  w l t h  c a p a c l t o r  c b  i n  
o r d e r  t o  v a r y  t h e  f r e q u e n c y  o f  
o s c l l l a t l o n .  The v a r a c t o r  d l o d e  chosen 
was an M S I  E l e c t r o n i c s  M V 1 4 1 2 .  T h l s  d l o d e  
has a nomina l  v a l u e  o f  1 0  p f ,  a t u n l n g  
r a t l o  o f  7 . 5 : 1 ,  and a Q o f  2 0 0  a t  1 MHz. 
T y p i c a l  f r e q u e n c y  put I I n g  o f  t h e  
o s c l l l a t o r  was 4 0  PPM w i t h  a t u n l n g  
v o l t a g e  o f  0 t o  +6 v o l t s .  The RF o u t p u t  
power was e x t r a c t e d  v l a  a t a p p e d  I n d u c t o r  
I n  an LC t a n k  c l r c u  i t  on t h e  c o l  l e c t o r  o f  
t h e  t r a n s l s t o r .  T h l s  app roach  y l e l d s  good 
o u t p u t  power and low ha rmon lc  c o n t e n t .  
SAW 1-PORT RESONATOR VOLTAGE CONTROLLED OSCILLATOR 
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I n  o r d e r  t o  m e e t  t h e  SAW O S C l l  l a t o r  
f r e q u e n c y  a c c u r a c y  o f  2 1 5  PPM, 
compensation i s  r e q u l r e d  f o r  t h e  f r e q u e n c y  
drift o f  t h e  SAW r e s o n a t o r  d u e  t o  
environmental t e m p e r a t u r e  c h a n g e s .  The  
w e l l - k n o w n  t e m p e r a t u r e  d r  I f t  
c h a r a c t e r l s t l c  o f  a SAW r e s o n a t o r  o n  
q u a r t z  Is p a r a b o l  IC w l t h  a f r e q u e n c y  
maxlmum a t  t h e  t e m p e r a t u r e  t u r n o v e r  p o i n t .  
K 1 nsman3 h a s  d e s c r  I b e d  a Cornpensat  I on  
c l r c ~ l t  c o n s l s t l n g  o f  t w o  s e r l e s  c o n n e c t e d  
v a r a c t o r  d l o d e s  d r l v e n  by  a I l n e a r  v o l t a g e  
v e r s u s  t e m p e r a t u r e  g e n e r a t o r .  T h l s  
a p p r o a c h  r e s u l t s  I n  a t e c h n l q u e  t h a t  c a n  
b e  u s e d  t o  c o m p e n s a t e  any  c r y s t a l  which 
h a s  a p a r a b o l l c  f r e q u e n c y  v e r s u s  
t e m p e r a t u r e  d e p e n d a n c e .  
The  I l m l t e d  t e m p e r a t u r e  r a n g e  o f  OOC t o  
+5OoC a n d  t h e  r e q u i r e m e n t  t o  o p e r a t e  f r o m  
a s l x - v o l t  b a t t e r y  r e q u l r e d  a m o d l f l e d  
a p p r o a c h  t o  c o m p e n s a t e  t h e  f r e q u e n c y  d r i f t  
o n  o n l y  one  s l d e  o f  t h e  p a r a b o l l c  c u r v e .  
I n  t h l s  a p p r o a c h ,  t h e  S A W  r e s o n a t o r  was 
f a b r i c a t e d  o n  a q u a r t z  s u b s t r a t e  w l t h  a 
36O c u t  a n g l e  t o  p l a c e  t h e  f r e q u e n c y  
t u r n o v e r  n e a r  t h e  h l g h  end  o f  t h e  
t e m p e r a t u r e  r a n g e .  A s l n g l e  v a r a c t o r  
d l o d e  Is u s e d  t o  c o m p e n s a t e  t h e  f r e q u e n c y  
d r l f t  o n  t h e  l o w  s l d e  o f  t h e  t e m p e r a t u r e  
r a n g e .  T h i s  a p p r o a c h  y l e l d s  a g r e a t e r  
c a p a c i t a n c e  c h a n g e  ( a n d  t h e r e f o r e ,  a 
g r e a t e r  f r e q u e n c y  c h a n g e )  f o r  a g l v e n  
v o l t a g e  r a n g e .  The  c a p a c i t a n c e  v e r s u s  
v o l t a g e  c u r v e s  f o r  t h e  t w o  a p p r o a c h e s  a r e  
shown I n  F i g u r e  2. 
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Figure 2 
K l n s m a n  s u g g e s t s  t h a t  t h e  I l n e a r  v o l t a g e  
v e r s u s  t e m p e r a t u r e  f u n c t l o n  r e q u  r e d  may 
b e  o b t a l n e d  b y  u s l n g  t h e  t e r  > e r a t u r e  
s e n s l t l v e  b a s e - e m l t t e r  J u n c t l o n  v o l t a g e  of 
a b i p o l a r  t r a n s l s t o r  c o n n e c t e d  a s  a D t  
amp1 I f  l e r  I n  a c o m m o n - e m l t t e r  
c o n f l g u r a t l o n .  I n  o r d e r  t o  a c h l e v e  
g r e a t e r  s e n s l t l v l t y  t o  t e m p e r a t u r e  c h a n g e  
a D a r l l n g t o n  p a l r  t r a n s l s t o r  c h l p  (MPSA13) 
w l t h  a c u r r e n t  g a l n  ( h F E )  o f  5000 was 
u s e d .  The  r e s l s t o r  l a b e l e d  Rp I n  F l g u r e  3 
s e t s  t h e  v o l t a g e  I n t e r c e p t  p o i n t  and  
r e s  I s t o r  a d j u s t s  t h e  v o l t a g e  s l o p e .  
T h e s e  t w o R 4  c o m p o n e n t s  w e r e  v a r i e d  t o  
a c h i e v e  t h e  d e s l r e d  v o l t a g e  v e r s u s  
t e m p e r a t u r e  c u r v e  t o  b e  a p p l  l e d  t o  t h e  
v a r a c t o r  d l o d e  I n  o r d e r  t o  m i n l m l z e  t h e  
f r e q u e n c y  d r i f t  o v e r  t e m p e r a t u r e  o f  t h e  
o s c l l l a t o r .  
VOLTAGE VS. TEMPERATURE CIRCUIT DIAGRAM 
0 VdC 
1 
TEMPERANRE ("C) 
F i g u r e  3 
O S C l L L A T O R C O "  
T h e  h y b r l d  o s c l l l a t o r  c l r c u i t  d e v e l o p m e n t  
u t l l i z e d  E p s l i a m - 1 0  ( E - 1 0 )  f o r  t h e  I n i t i a l  
b r e a d b o a r d  d e s i g n  and  a l u m l n a  s u b s t r a t e  I n  
t h e  f l n a l  d e s l g n .  E p s l l a m - 1 0  Is a 
c e r a m i c - I m p r e g n a t e d  t e f l o n  s u b s t r a t e  t h a t  
Is e l e c t r l c a l l y  s l m l l a r  t o  a l u m l n a .  I t  Is 
f l e x i b l e ,  e a s i l y  c u t  and d r i l l e d  and  I s  
e t c h a b l e  In f e r r i c  c h l o r l d e 4 s i m l l a r  t o  t h e  
o t h e r  common PC m a t e r i a l s .  The  u s e  o f  
c h l p  c o m p o n e n t s  o n  t h e  E-10 s u b s t r a t e  
a l l o w e d  d l r e c t  c o n v e r s i o n  t o  t h e  a l u m l n a  
s u b s t r a t e  u s e d  I n  t h e  f l n a l  c l r c u l t .  
C o n d u c t l v e  s i l v e r  e p o x y  was u s e d  t o  a t t a c h  
a1 I c o m p o n e n t s  t o  t h e  s u b s t r a t e .  W l r e  
b o n d l n g  was u s e d  t o  f o r m  e l e c t r l c a l  
l n t e r c o n n e c t l o n s  b e t w e e n  t h e  RF 
t r a n s l s t o r ,  v a r a c t o r  d l o d e ,  t e m p e r a t u r e  
s e n s o r  t r a n s l s t o r ,  and  SAW r e s o n a t o r .  
A d d l t l o n a l  w l r e  b o n d s  w e r e  u s e d  t o  a t t a c h  
Vcc, g r o u n d ,  and  t o  " t a p "  t h e  t a n k  c l r c u l t  
f o r  RF o u t p u t  power .  The  I n d u c t o r  u s e d  I n  
t h e  o s c l l l a t o r  Is a p l a n a r  s p i r a l  d e s l g n  
and  an  I n t e g r a l  p a r t  o f  t h e  h y b r l d  c l r c u l t  
p h o t o m a s k .  
The h y b r l d  o s c l l l a t o r  Is h o u s e d  i n  a 
c u s t o m  f l a t p a c k  t h a t  Is 0.30"W x 0.75"L x 
0.085"H. The p a c k a g e  h a s  a s t e p p e d  I I d  
t h a t  Is seam-we lded  t o  t h e  f l a t p a c k .  
QSCLLAIPB EEBfQBMK€ 
The  t e m p e r a t u r e  c o m p e n s a t e d  SAW o s c l l l a t o r  
p e r f o r m a n c e  Is s u m m a r l z e d  I n  T a b l e  1. 
P h a s e  n o l s e  o f  t h e  o s c l l  l a t o r  Is shown I n  
F i g u r e  4. T y p l c a l  f r e q u e n c y  v e r s u s  
t e m p e r a t u r e  f o r  b o t h  t e m p e r a t u r e  
c o m p e n s a t e d  and  u n c o m p e n s a t e d  o s c l l l a t o r s  
Is shown I n  F l g u r e  5.  O u t p u t  p o w e r  was 0 
192 - 1984 ULTRASONICS SYMPOSIUM 
J .  Ladd, C .  Abdal lah ,  and T. O'Shea 
dBm 20.5 d0 o v e r  OOC t o  +5OoC. G r e a t e r  
o u t p u t  p o w e r  may b e  a c h i e v e d  a t  t h e  
e x p e n s e  o f  I n c r e a s e d  DC p o w e r  c o n s u m p t i o n .  
The f r e q u e n c y  a c c u r a c y  v e r s u s  t e m p e r a t u r e  
c o u l d  b e  h e l d  o v e r  a w l d e r  t e m p e r a t u r e  
r a n g e  i f  a g r e a t e r  s u p p l y  v o l t a g e  w e r e  
a v a l l a b l e  w l t h  w h l c h  t o  t u n e  t h e  v a r a c t o r  
d l o d e .  A l s o ,  t h e  o n e - p o r t  r e s o n a t o r  c o u l d  
b e  r e p l a c e d  by  a t w o - p o r t  r e s o n a t o r  o r  a 
d e l a y  l i n e  w i t h  a c o r r e s p o n d i n g  I n c r e a s e  
I n  p h a s e  n o l s e  and  i n c r e a s e d  c l r c u l t  
comp I e x  I t y  . The  SAW o n e - p o r t  r e s o n a t o r  
c o n t r o l l e d  o s c i l l a t o r  t y p i c a l l y  e x h l b l t s  
30 t o  35 d0 b e t t e r  p h a s e  n o l s e  t h a n  a SAW 
d e l a y  I i n e  c o n t r o l  l e d  o s c i l  l a t o r .  The  
TCSO c l r c u l t  d l a g r a m  I s  shown i n  F l g u r e  6. 
TABLE 1 
QSCIUBIQB EEBEQBMMCE 
F r e q u e n c y  950 .0  MHz 
RF Power 0 dBm 2.5 dB 
A c c u r a c y / S t a b  I I i t y  21 5 ppm 
T e m p e r a t u r e  
P h a s e  N o i s e  
A l l a n  V a r i a n c e  
(0-Y (7-1 ) 
S u p p l y  V o l t a g e  
S u p p l y  C u r r e n t  
S i z e  
P a c k a g e  
O°C t o  +5OoC 
-50 dBc/Hz @ 1 0  HZ 
-75 dBc/Hz @ 100 Hz 
-100 dBc/Hz e 1 0 0 0  H Z  
1 x 10-9  (7 = 1 s e c )  
6 V 5 0 . 2  V 
15 m A  
.30n x .75" x .085"  
Cus tom F l a t p a c k  
TCSO PHASE N O I S E  
-lZO1 
-130f I 
10 100 1000 
OFFSET FROM CARRIER ( H t )  
Figure  4 
TCSO C I R C U I T  DIAGRAM 
TEMPERATURE f V A R A C T O h  PIERCE TYPE 
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Figure 5 
TCSO 
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Compenseted'f 
10- 
20- - 
E 
30-  - 
L 
a 
40- 
50-  
4 
-10 I O  30 SO 7 0  
TEMPERATURE ('C) 
Figure 6 
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I n  o r d e r  t o  r e a l i z e  a p r a c t l c a l  SAW 
r e s o n a t o r  f i l t e r  t h e  SAW f i l t e r  d e s i g n e r  
m u s t  b e  c o n c e r n e d  w i t h  t h e  f o l l o w l n g :  1 )  
f i l t e r  s y n t h e s i s ,  2 )  a n a l y s i s ,  3 )  
p r a c t l c a l  f a b r l c a t l o n  p a r a m e t e r s ,  and  4 )  
t h e  l m p l i c a t l o n s  o f  p a c k a g l n g  c o n s t r a l n t s .  
M u l t l p o l e  SAW r e s o n a t o r  f l l t e r  s y n t h e s i s  
and  d e s l g n  h a s  r e a c h e d  a h i g h  l e v e l  o f  
m a t u r l t y  w l t h  t h e  w o r k  o f  R o s e n b e r g  a n d  
C o l d r e n , '  M a t t a e 1 8  and  o t h e r s . 9  The  
c h a l l e n g e  o f  o u r  work  Is a c h l e v l n g  low 
l o s s  w i t h  m o d e r a t e  r e J e c t l o n  a t  950  MHz 
u t l l l z l n g  i n t e g r a t e d  m a t c h t n g  n e t w o r k s  and  
w l t h l n  a s u b m i n l a t u r e  p a c k a g e .  
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T h e  g o a  I s f o r  t h e  e I e c t r  1 c a  I 
s p e c l f l c a t l o n s  o f  t h l s  f l l t e r  a r e  I l s t e d  
i n  T a b l e  2. U s l n g  t h e s e  s p e c l f l c a t l o n s ,  
It was d e t e r m l n e d  t h a t  a t w o - p o l e  
B u t t e r w o r t h ,  i n - I  I n e  a c o u s t i c a l l y  c o u p l e d  
SAW r e s o n a t o r  f l l t e r  w o u l d  b e  an  o p t l m u m  
c h o l c e .  I n - l i n e  a c o u s t i c  c o u p l l n g  was 
c h o s e n  s i n c e  I t i s  a r e l l a b l e  d e s l g n  
t e c h n i q u e  t h a t  c a n  p r o v l d e  s u f f l c l e n t  
b a n d w i d t h  t o  accommodate t h e  v a r i o u s  
m a n u f a c t u r l n g  t o l e r a n c e s  and  b e c a u s e  t h i s  
c o u p l i n g  h a s  been  d e m o n s t r a t e d  t o  a c h l e v e  
l o w  l o s s . 9  
TABLE 2 
SAM f L I E B  ELECIRU;AL SE€Cl fU;AI lPA GQMS 
F r e q u e n c y  
Bandw I d t h  
I n s e r t i o n  L o s s  
R e j e c t i o n  @ F o  
- + 10 MHz 
T e m p e r a t u r e  Range 
I n p u t / O u t p u t  Impedance  
P a c k a g e  S i z e  
9 5 0  MHZ 
300 KHz M in lmum 
2.5 MHz Maximum 
(6  dB, 5 dB G o a l  
3 0  dB M ln lmum 
O°C t o  5OoC 
5 0  Ohm, VSWR 
1.5:1 Max. 
0 .30nx0 .24wx  
0.06” 
The  d e s i g n  o f  t h l s  f l l t e r  u t l l l z e d  a 
s c a t t e r l n g  m a t r l x  a n a l y s i s  d e v e l o p e d  f rom 
t h e  e a r l  l e r  w o r k  of t h o s e  a t  S a w t e k 9  b u t  
i s  s l m l l a r  t o  t h a t  o f  R o s e n b e r g  and  
C o l d e r e n . ’  U s l n g  t h l s  t e c h n l q u e  we w e r e  
a b l e  t o  i n c l u d e  t h e  e f f e c t s  o f  t h e  
m a t c h l n g  and  c o u p l i n g  e l e m e n t s .  T h i s  Is 
l m p e r a t l v e  s i n c e  t h e  p a r a s l t l c s  o f  t h e s e  
e l e m e n t s  h a v e  a p r o f o u n d  I n f l u e n c e  o n  t h e  
o v e r a l l  a c h l e v e m e n t  o f  t h e  e l e c t r i c a l  
s p e c l f l c a t l o n s .  The f o l l o w i n g  d e s i g n  
p a r a m e t e r s  w e r e  u s e d  I n  t h i s  a n a l y s i s .  
Number o f  W a v e l e n g t h s / T r a n s d u c e r  = 45 
A p o d l z a t l o n  = O v e r l a p  
Number o f  O u t s l d e  R e f l e c t o r s  = 5 0 0  
Number o f  M i d d l e  R e f l e c t o r s  = 150  
M e t a l  T h i c k n e s s  = 7 0 0 A  
A p e r t u r e  ( I n  w a v e l e n g t h s )  = 1 0 0  
I n  o r d e r  t o  m l n i m l z e  t h e  I n - b a n d  r i p p l e  
t h e  t r a n s d u c e r s  o f  t h l s  f 1 I t e r  h a v e  b e e n  
a p o d l z e  w e i g h t e d  t o  m l n l m l z e  t h e  c o u p l l n g  
t o  h i g h e r  o r d e r  t r a n s v e r s e  mode. T h i s  
w e l g h t l n g  t e c h n l q u e  Is n o t  a s  e f f e c t l v e  I n  
s u p p r e s s l n g  t h e  f r e q u e n c y  s l d e l o b e s  o f  t h e  
t r a n s v e r s a l  r e s p o n s e  a s  t h e  a p o d i z a t l o n /  
w l t h d r a w a l  t e c h n l q u e  d e s c r l b e d  I n  
R e f e r e n c e  9 b u t  i t  Is s u f f l c l e n t  t o  m e e t  
t h e  e l e c t r i c a l  s p e c l f l c a t l o n s  o f  t h l s  
p r o g r a m .  
The t e m p e r a t u r e  s t a b l l l t y  o f  t h i s  f l l t e r  
was I m p o r t a n t  t o  t h e  e x t e n t  t h a t  I t  s h o u l d  
n o t  I n c r e a s e  t h e  b a n d w i d t h  r e q u i r e m e n t  
b e y o n d  a p r a c t i c a l l y  a z h l e v a b l e  I l m l t  o f  
0.2%. T h e r e f o r e ,  a 40  s l n g l e  r o t a t e d  Y 
c u t  g u a r t z  s u b s t r a t e  was c h o s e n  t o  p r o v l d e  
a 2 5  C t u r n o v e r  t e m p e r a t u r e .  
F l g u r e  7 I s  t h e  p r e d i c t e d  f r e q u e n c y  
r e s p o n s e  o f  t h l s  f l l t e r  i n  t h e  u n m a t c h e d  
s t a t e  r e s u l t l n g  f r o m  a c o m p u t e r  mode l  
u t i l l z l n g  t h e  s c a t t e r l n g  m a t r i x  a n a l y s i s  
t e c h n l q u e  d e s c r i b e d  e a r l l e r  I s  shown. 
THEORETICAL FILTER RESPONSE 
-10.0 
3 
FREQUENCY IMHI)  
F igu re  7 
BESQHAIPB EllIER EBBBlCAIlQli 
The  l i n e  w i d t h s  o f  t h e  r e f l e c t o r  g r a t i n g s  
and  i n t e r d i g l t a l  t r a n s d u c e r  p a t t e r n s  o f  
t h l s  f i l t e r  a r e  n o m i n a l l y  0 .82 um. The  
f i l t e r  was p a t t e r n  g e n e r a t e d  a t  l o x  s i z e  
u s l n g  an e l e c t r o m a s k  p a t t e r n  g e n e r a t o r  and  
t h e n  s t e p p e d  and  r e p e a t e d  t o  f i n a l  s i z e  o n  
a u l t r a f l a t  d a r k  c h r o m e  p h o t o m a s k  p l a t e .  
The  r e p l i c a t i o n  o f  t h i s  p h o t o - m a s k  was 
a c c o m p l l s h e d  b y  c o n t a c t  p h o t o l i t h o g r a p h y  
u s l n g  a m i d  U V  l i g h t  s o u r c e .  A 700 
A n s t r o m  a l u m l n u m  f i l m  was m a g n e t r o n  
s p u t t e r e d  o n  t h e  q u a r t z  s u b s t r a t e s  and  
a f t e r  r e s i s t  p a t t e r n l n g  t h e  e x c e s s  m e t a l  
was r e m o v e d  b y  c h e m i c a l  e t c h i n g .  The 
w a f e r  was t h e n  d l c e d  f o r  f i n a l  a s s e m b l y .  
F o r  t h e  l n i t l a l  e l e c t r i c a l  e v a l u a t i o n  
t h e s e  f i l t e r s  w e r e  a s s e m b l e d  I n  TO-5 
p a c k a g e s  and  m a t c h e d  w i t h  a i r  wound 
i n d u c t o r s  and  a d j u s t a b l e  c a p a c i t o r s .  I n  
t h e  f i n a l  f o r m  t h e s e  f l l t e r s  w i l l  b e  
p a c k a g e d  I n  a f l a t p a c k  c o n f i g u r a t i o n  
s l m l l l a r  t o  t h a t  shown I n  F l g u r e  1 1 .  The 
i n d u c t o r s  I n  t h i s  c o n f i g u r a t i o n  a r e  s p i r a l  
p l a n a r  c h l p s  w h i c h  a r e  I n t e r n a l l y  
m a n u y a c t u r e d  and  t h e  c a p a c i t o r s  a r e  MOS 
t y p e s .  
€ lLI€B €!€B€QBMAli€€ 
The e x p e r l m e n t a l  u n m a t c h e d  t r a n s m i s s i o n  
r e s p o n s e  Is p l o t t e d  I n  F l g u r e  8 .  Good 
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agreement Is obtained between thls and the 
theoretical response shown In Figure 7. 
The input and output return l o s s  are shown 
on a Smith Chart In Figure 9a from which a 
matchlng network Is obtained. 
A two-element matching network wl I I 
theoretlcally transfer the fllter 
characteristlc Impedance to 50 ohm. 
However, the bandwldth and lnsertlon loss 
of the filter wlII b e  extremely sensltlve 
to the rnanufacturlng tolerances o f  the 
matching elements. To mlnlmlze these 
effects, a four-element matching network 
i s  chosen as shown on the Smith Chart I n  
Figure 9b. The matched response is shown 
' P  Figure 1 0 .  The experlmental results of 
the filter are listed In Table 3 .  
EXPERIMENTAL UNMATCHED 
FILTER RESPONSE 
J 
INSERTION 
LOSS (dB1 -40*o.- \ 
-50.0- 
-60.0- 
947 948.5 950 951.5 953 
F i g u r e  8 
FREQUENCY (MHd 
TWO-PORT SAW RESONATOR 
FREQUENCY 9 5 0  M H z  
APERTURE (In wavelsngths) 
TRANSDUCER LENGTH (In wavslsnsthm) 45  APODlZAl" OVERLAP 
NUMBER OF OUTSIDE REFLECTORS 500 
150 NUMBER OF MIDDLE REFLECTORS 
SUBSTRATE 40" QUARTZ 
100 
METAL THICKNESS roo 8 
Figure 9a 
RESONATOR MATCHING NETWORK 
- . -  - ,- 
. 
F i g u r e  9b 
EXPERIMENTAL MATCHED 
FILTER RESPONSE 
-*,o , SI1 2 dUl0lY 
INSERTION . 
LOSS (dB1 
947 948.5 950 951.6 953 
FREQUENCY (MHr] 
F i g u r e  10 
TABLE 3 
ElLXEB TXEEBlM€dXbL BESULlS 
Frequency 949.9 MHz 
900 KHz B a n d ki I d t h 
Insert Ion Loss 4 . 1  D 0  
Temperature Range 00 - 5OoC 
VSWR 51.1 
R E J E C T I O N  @ Fo+10 MHz 27 d 0  
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The f l a t p a c k  c o n f i g u r a t i o n  o f  t h i s  f i l t e r  
i s  i l l u s t r a t e d  i n  F i g u r e  1 1 .  T h l s  f i g u r e  
shows t h e  t w o - p o l e  SAW f l i t e r  c e n t e r e d  I n  
t h e  p a c k a g e  and  on  e i t h e r  s i d e  o f  It a r e  
t w o  s p i r a l  i n d u c t o r s  and  t w o  c h i p  
c a p a c i t o r s .  T h e  p a c k a g e  u s e d  i s  a c u s t o m  
made f l a t p a c k  .30Of1W x . 240"L  x .085"H. 
The e l e m e n t s  a r e  m o u n t e d  i n s i d e  t h e  
f l a t p a c k  u s i n g  a c o n d u c t i v e  e p o x y .  T h e  
s p i r a l  i n d u c t o r s 5  a r e  d e s i g n e d  t o  d e l i v e r  
t h e  n e c e s s a r y  i n d u c t a n c e  and  f i t  i r  t h e  
p a c k a g e .  They  a l s o  s e r v e  t o  s u p p o r t  t h e  
c h i p  c a p a c i t o r s .  
H Y B R I D  F ILTER PACKAGE 
U U 
OUT ONO 
Figure 11 
SILMNABI 
The e l e c t r i c a l  p e r f o r m a n c e  o f  t h e  SAW 
r e s o n a t o r  c o n t r o l  I e d  o s c  i i I a t o r  and SAW 
r e s o n a t o r  f l l t e r  a r e  shown t o  b e  t h e  
s t a t e - o f - t h e - a r t  f o r  c o m p o n e n t s  i n  t h l s  
f r e q u e n c y  r a n g e  and o f  t h i s  p h y s i c a l  s l z e .  
The  c i r c u i t  d e s i g n s  a r e  f l e x i b l e  enough  t o  
b e  t a i l o r e d  f o r  o t h e r  a p p l i c a t i o n s  o r  
f r e q u e n c i e s  i n  t h e  200 MHz t o  1250  MHz 
r a n g e .  
The t e m p e r a t u r e  c o m p e n s a t i o n  scheme 
d e m o n s t r a t e s  a r e l a t l v e l y  s l m p l e  and  
s t r a i g h t  f o r w a r d  means w l t h  w h l c h  t o  
c o n t r o l  t h e  f r e q u e n c y  of a SAW o s c l l  l a t o r  
o v e r  a l i m i t e d  t e m p e r a t u r e  r a n g e .  
T h e  r e s o n a t o r  f i I t e r  p e r f o r m a n c e  
d e m o n s t r a t e s  t h a t  I ow 1 n s e r t  i o n  I oss, 
m ln imum r i p p l e  and g o o d  r e j e c t i o n  c a n  b e  
s u b m i n i a t u r e  c o n f i g u r a t i o n  i s  s u g g e s t e d  
w h l c h  i n c l u d e s  a l l  Impedance  m a t c h i n g  
e l e m e n t s .  
A t  p r e s e n t  t h e  f l a t p a c k  I s  c o n s l d e r e d  t o  
b e  t h e  s m a l l e s t  r e a l i z a b l e  c o n v e n t i o n a l  
t y p e  o f  p a c k a g e  a v a i l a b l e .  F u r t h e r  w o r k  
i s  u n d e r w a y  t o  d e v e l o p  a m e t h o d  o f  s e a i l n g  
h y b r i d  c i r c u i t s  i n  s l t u  b y  means of a 
m u l t l l e v e l  C O - f i r e d  c e r a m i c  r i n g  w l t h  a 
seam w e l d e d  l i d .  T h l s  a p p r o a c h  i s  
d i r e c t e d  a t  a c h i e v i n g  a p a c k a g e  h e i g h t  of 
0.06 I n c h e s .  
o b t a i n e d  i n  t h i s  f r e q u e n c y  r a n g e .  A 
The a u t h o r s  w i s h  to t h a n k  E.C.  R e g i s t e r  
and  D .  J o r d a n  f o r  d e v i c e  t e s t i n g ,  B. 
H o r i n e  and  D r .  H. v a n  de  V a a r t  f o r  t h e i r  
suggestions, B. L a f f l e r  f o r  h e r  
p r e p a r a t i o n  o f  t h e  I l l u s t r a t i o n s ,  and  C. 
G r e e n  f o r  h e r  p r e p a r a t i o n  o f  t h i s  
m a n u s c r i p t .  
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